The numerical method for the simulation of linear scan voltammetry on the rotating disk electrode is adjusted to the problem of irreversible redox reaction between the adsorbed catalyst and the dissolved reactant under transient conditions. The response consists of the wave and the maximum. The peak current depends on the scan rate in linear scan voltammetry, while the limiting current of the wave depends on the rate of rotation of the working electrode. The rate constant of catalytic reaction is determined from the kinetic current under steady-state conditions.
Introduction
The conversion of energy occurring in photosynthesis and respiration is realized through a complex sequence of electron transfer reactions [1, 2] . The rate constants of these transfers are key parameters in the mentioned and several other biological processes ranging from cell defense to gene control [3 -5] . Voltammetry is a simple and powerful method of investigating biologically relevant redox-active compounds [6 -8] . For instance, by adsorption of the redox protein onto the surface of some suitable lipophilic electrode, the kinetics of transfer of electrons from the immobilized enzyme to dissolved substrate can be measured by cyclic voltammetry and chronoamperometry [9, 10] . For sensors based on electro-catalytic reactions, the application of rotating disk electrodes (RDE) was proposed [11 -13] . The sensors usually work under theoretically well described steady-state conditions [12] , but for kinetic studies of catalytic effects the transient conditions are equally important [14] . In this communication the numerical method for the simulation of linear scan voltammetry on the RDE [15] is adjusted to the problem of irreversible redox reaction between the adsorbed catalyst and the dissolved reactant under transient conditions. This reaction scheme belongs to the catalytic EC′ mechanism which was investigated on stationary electrodes under the conditions of various voltammetric methods [16 -20] .
The model
It is assumed that a certain redox couple is strongly adsorbed on the surface of RDE:
The electrode reaction (1) is fast and reversible:
where A Γ and B Γ are surface concentrations of the reactant and product, respectively,
is dimensionless potential and
is the standard potential. During the experiment, the sum of surface concentrations of the reactant and product does not change:
It is further assumed that in the solution there is a compound Y which can be oxidized by the product of the surface redox reaction:
In the investigated potential range the compound Y can not be electro-oxidized on the bare electrode surface due to very slow electron transfer. The mass transport towards the surface of RDE is defined by the partial differential equation:
and the boundary conditions:
where 1 3 51 . 0
, while ω is the angular rotation rate of the disk, ν is the kinematic viscosity of the solution, Y c is the concentration of the compound Y , D is the diffusion coefficient, I is the current, S is the electrode surface area, n is the number of electrons, F is Faraday constant and f k is the rate constant of irreversible reaction (4) . Equation (5) is solved by Galerkin method of variable diffusion layer thickness [15] . It is assumed that the concentration profile is the linear function of the space coordinate between the electrode surface ( 0 = x ) and a certain distance δ which is the function of time:
where * Y c is the bulk concentration of Y . Equation (5) is integrated from (10) and by using the assumed gradients for δ
and for δ (13) it is transformed into the differential equation on time: 
the solution of equation (14) is: (16) which is the steady-state diffusion layer thickness. A general solution of eq. (14) can be obtained by the numerical integration. By combining equations (6) and (12) one obtains: (17) Also, the combination of eqs. (2) and (3) ( )
Using the approximation: (21) equation (14) is transformed into the system of recursive formulae:
The current is defined by eq. (7):
Equations (26) and (27) are obtained by combining eq. (7) with eqs. (17), (18) and (20) . The first term on the right-hand side of eq. (26) . Equation (18) shows that
, the limiting kinetic current appears:
Equation (27) is the limiting value of eq. (28) if
The simulation was performed using constant values of diffusion coefficient and kinematic viscosity, while the rotation rate of RDE and the scan rate in CV were varied. in Fig. 3 . The curve 6 in Fig. 3 and the curve 4 in Fig. 1 are identical because all parameters are equal in both figures, but the curve 1 in Fig. 3 is significantly different from the curve 3 in Fig. 1 Fig. 3 and 0.01 cm in Fig. 1 . The dimensionless steady-state current of the curve 1 in Fig. 3 is equal to the dimensionless steady-state current of the curve 3 in , for * Y c = 0, and approaching the linear relationship asymptotically (see curve 2 in Fig. 4) . Using the catalytic oxidation on RDE, the compound Y can be determined in the concentrations higher than 10 -5 M. In the presence of several electroactive substances, the peak current rather than the limiting current can be used for the analysis of the compound Y . . All other parameters are as in Fig. 1 .
Results and discussion
The investigated responses consist of the transient part, which is the rising portion of the wave and the whole maximum, and of the steady-state part, which is the limiting current of the wave. The scan rate in LSV can influence only the transient part, while the rotation rate of RDE influences only the steady-state part. The dependence of dimensionless maximum current on the scan rate is shown in Fig. 5 
Conclusion
The model described in this paper is an adequate representation of protein-film voltammetric experiments [6] . Some examples of electro-catalytic reactions considered here are the oxidation of glucose by glucose oxidase adsorbed on the electrode surface [21] and the oxidation of dissolved succinate to fumarate catalyzed by succinate dehydrogenase adsorbed on the rotating disk electrode [22] . In linear scan voltammetry on RDE the theoretical response of this type of reactions can be calculated by the proposed numerical method. It is developed for the first, transient part of the response, in which the diffusion layer thickness is time-depending and the concentration of the reactant at the working electrode surface depends on both the electrode potential and the oxidation rate constant. The steady-state part of the response appears as a special case of the general solution. Finally, it is shown that for both kinetic and analytical measurements the steady-state conditions are the most appropriate.
